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ROCKET PROJECTILE 
Clarence N. Hickman, Jackson Heights, N. Y. 
Application February 6, 1945, Serial No. 576,439 
5 Claims. (CL 102—49) 


(Granted under the act of March 3, 1883, as 
amended April 30, 1928; 310 O. G. 757) 


The invention described herein may be manu- 


factured and used by or for the Government for 
governmental purposes without the payment to 
me of any royalty thereon. 

This invention relates to jet propulsion, and 
more particularly to jet propelled devices utilized 
in warfare. . 

Jet propulsion of relatively heavy missiles at 
high velocities has recently acquired a new im- 
portance in warfare primarily because the suc- 
cessful development of suitable rockets has made 

` it possible to exploit their inherent advantages 


of absence of recoil and lightness, simplicity and. 


. cheapness of rocket projectors as compared with 
guns. Rocket propulsion has also been adapted 
for military use in specific instances because the 
projectors and rockets are light and readily port- 
able and can be readily transported and set up 
at points to which guns of comparable caliber 
and effects could not be transported or set up. 
Because of its increasing importance in warfare, 
extensive research has been undertaken to de- 
velop rocket designs suitable for various military 
applications for which guns of equivalent caliber 
are not suitable or unavailable. This invention 
offers certain basic improvements in construc- 
tion over the rockets already developed as a re- 
sult of these researches. 

The dispersion encountered in jet propelled de- 
vices of the rocket classification is greater than 
that encountered in a projectile fired from a gun, 
but since a gun of comparable caliber and ef- 
fects cannot be made available or adapted to 
some of these specific applications, and since a 
rocket can be used, it becomes an object of this 
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invention to provide an improved rocket design - 


in which the deviation of the rocket from its de- 
sired and predicted trajectory is greatly reduced. 

Research has established that the dispersion 
produced in a rocket in which thrust is exerted 
after the rocket has left its projector is due in 
part to either or both of the following: first, non- 
symmetry of construction, i. e., a construction in 
which the center of gravity of the rocket is off 
the axis of symmetry; second, non-symmetry of 
jet action, wherein the resultant action of the 
jet (i. e. the integral of thrust over a surface 
normal] to the thrust axis) is at an angle to the 
axis of the rocket and its line of action is dis- 
placed from the center of gravity. 

In either of the above conditions the integrated 
resultant thrust has a component normal to a line 
through the designed center of thrust and the 
center of gravity. This component is frequently 


40 


sufficient in magnitude to cause the rocket to 55 


2 

turn about a transverse axis through a point at 
or near its center of gravity even though the line 
of the resuitant thrust passes close to the center 
of gravity. That these component forces are 
sufficient to produce rotation is due primarily to 
the fact that the moment arm of these compo- 
nents is large if the rocket is designed with its 
center of gravity displaced from the designed 
center of thrust as is the case when the jet is 
at tne nose or rear. Once the rocket has turned 
vo a new direction of flight as a result of these 
component forces, the jet action will then tend to 
propel the rocket in its new direction; conse- 
quently, the turning moment continues through- 
cut the free flight burning and the resulting dis- 
persions are large, 

It has been the practice in the prior art to de- 
Sign rockets so that the jet action takes place 
eitner near the tail or near the nose of the body 
of the rocket. In either design the calculated 
center of thrust will be displaced from the center 
of gravity. 

It is an object of this invention to provide a 
rocket design which has a resultant jet action 
near the center of gravity of the rocket so that 
the resultant thrust produced by the jet action 


‘will act through a point near the center of 


gravity irrespective of unsymmetrical jet action. 

It is a further object of this invention to reduce 
the turning moment tending to produce rotation 
of the rocket about its center of gravity by re- 
ducing the moment arm of the turning component 
or the resultant thrust. , 

It is a still further object of this invention to 
provide a rocket in which the designed center of 
thrust is substantially coincident with the center 
of gravity. i 

Another object of this invention is to provide 
in a rocket means for adjusting the throat area to l 
compensate for the changes in burning rate of the 
propellant as caused, for example, by tempera- 
ture variations thereof., i 

Further and more specific objects and advan- 
tages of this invention will clearly appear from 
the following description of certain preferred 
embodiments shown in the accompanying draw- 
ings in which: 5 

, Fig. 1 illustrates diagrammatically a recent de- 

velopment in rockets showing the design posi- 
tions of center of thrust, center of gravity, and 
resultant direction of thrust. 

Figs. 2 and 3 illustrate diagrammatically the 
change in position of the resultant direction of 
thrust relative to the center of gravity for the 
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rocket of Fig. 1 as produced by unsymmetrical jet 
action. 

Fig. 4 illustrates diagrammatically the change 
in position of the resultant direction of thrust 
relative to the center of gravity for the rocket 
of Fig. 1 as caused by eddies ín the jet, 

Fig. 5 illustrates diagrammatically a rocket 
constructed in accordance with the invention, 
showing the assumed position of the designed 
center of thrust, center of gravity, and resultant 
direction of thrust for uniform or symmetrical 
Jet action, 

Fig. 6 illustrates diagrammatically the effect 
of an unsymmetrical jet action for the rocket of 
Fig. 5 when the center of thrust coincides with the 
center of gravity. 

Fig. 7 illustrates diagrammatically the effect of 
an unsymmetrical jet action on the rocket of 
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Fig. 5, showing a slight shift in the center of . 


thrust. 

Fig. 8 illustrates diagrammatically the effect 
of eddies on the rocket design of Fig. 5. 

Fig. 9 is an elevational view in cross-section 
showing the details of the rocket illustrated dia- 
grammatically in Fig. 5. 

Fig. 10 is an elevational view in cross-section 


of a modification wherein the pay-load is carried , 


in the rocket head. 

The dispersion produced by nonsymmetry of 
design can be easily reduced by precision in the 
manufacture, therefore it is assumed that the 
center of gravity falls along the axis of symmetry 
of the rocket and that the factor causing the dis- 
persion is unsymmetrical jet action. Actually 
this assumption is not far from actual facts since 
experiments have clearly demonstrated that most 
of the dispersion observed with rockets in which 
the thrust is continued after they leave the guide 
tube or other projector is due to unsymmetrical 
jet action. Therefore, it is proposed in this in- 
vention to compensate for the dispersion pro- 
duced by nonsymmetry of design by care in the 
manufacture so as to cause the center of gravity 
to fall substantially along the axis. In other 


words, it is proposed to compensate for disper- 


sion due to nonsymmetry by avoiding nonsym- 
. metry in manufacture. Since it is known that 
eddy currents destroy the symmetry of the jet, 
and further since eddies cannot be prevented 
without difficulties the second factor causing dis- 
persion cannot be removed. Therefore unsym- 
metrical jet action must be reckoned with and the 
design of the rocket must be such that the non- 
symmetrical jet action will produce the least pos- 
sible dispersion. 

One form of rocket is illustrated diagrammati- 
cally in Fig. 1. Although the rocket illustrated 
has low dispersion characteristics, it is neverthe- 
less proposed in this invention to offer a design 
which will further reduce dispersion thus increas- 
ing the effectiveness of this weapon. 

As shown in Fig. 1, there is provided a housing 
1 secured at its forward end to a hol'ow rocket 
head iĝ adapted to contain a high explosive. A 
burster tube {{ is provided communicating with 
head {0 and extending down into the body of a 
combustion chamber {2 for the propellant defined 
by housing i. The rearward end of the housing 
i-is shaped to define a Venturi nozzle 13 permit- 
ting high velocity exit of the gases generated by 
the combustion of the propellant adapted to be 
contained within the combustion chamber 12. 

In Fig. 1 it is assumed that the center of gravity 
(CG) is on the axis of the rocket and that the jet 
action is symmetrical. Considering a cross sec- 
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tion of the rocket and jet, it is assumed that the 
resultant direction of all the gas particles for the 
upper half of the nozzle is shown by the vector 
OQ: and that Qu, its length, represents the quan- 
tity of motion of the gas moving in the direction 
O—Q1. It is also assumed that an equal quantity 
of motion of the gas Qz has a direction (O—Qz2) 
represented by the vector OG». The resultant 
thrust produced by the momentums Qı and Q: 
acting in the directions O—Q: and O—Q: respec- 
tively is represented by the vector OT having a 
magnitude T. Under these conditions the rocket 
will fly true and the point O will be regarded as 
the designed center of thrust since it is that point 
from which the resultant thrust vector is assumed 
to act. It should be clear that if the center of 
gravity were off the axis there would be a turning 
moment about the center of gravity because the 
resultant thrust vector T would have a propelling 
component through the center of gravity and a 
turning component normal thereto having a mo- 
ment arm equal to CG—O. However, it was as- 
sumed at the outset that the center of gravity may 
be kept near the axis and that unsymmetrical jet 
action would be regarded as the principal cause 
of dispersion. 

Assume now that as shown in Fig. 2 the quan- 
tity of motion of gas Qı having a resultant direc- 
tion O—Q: is greater than the quantity of motion 
of gas Qz having a resultant direction O—Q». 
Under these conditions the resultant thrust T will 
have a direction O—T below the center of gravity 
CG and out of line with the axis of symmetry of 
the rocket. There wil] now be a turning moment 
proportional to the amount the line of thrust 
misses the center of gravity. The vector OT is 
resolved into a propelling component along the 
axis through the center of gravity and a turning 
component normal to the axis acting through the 
point O. The moment arm of the turning com- 
ponent is of a length O—CG. The line of flight 
of the rocket will thus be determined by the 


. amount the rocket turns and the quantity of mo- 


tion of gas ejected after turning. 

The rocket diagrammatically illustrated by 
Fig. 1 is about 33 inches long having its center of 
gravity 15 inches from the nose. The total in- 
cluded angle of the nozzle is 18 degrees and the 
throat diameter is 1.84 inches. The nozzle is 
2.8 inches long. These dimensions are set forth 
Since they establish the calculated or designed 
center of thrust. In the design shown the point 
O would be located about 10 inches behind the 
center of gravity CG. For a particular rocket, 
with a particular fin structure, it has been dem- 
onstrated by experiment and established by com- 
putation that there is an angular dispersion of 
one mil for each .001 inch the center of gravity 
is off the line of thrust. If the line of thrust 
is off the axis of the rocket by an angle of one mil 
(assuming that the center of gravity of the rocket 
is on the axis) the line of thrust will miss the 
center of gravity .010 inch and will therefore 
result in a deviation of 10 mils for each mil the 
thrust is out of line with the axis. Since in man- 
ufacture these precisions are of like order, it may 


` be stated that with equal precision in manufac- 


TO 


ture and for the particular rocket design illus- 
trated, the dispersions resulting from an unsym- 
metrical jet is tenfold that resulting from non- 
symmetry caused by the position of the center of 
gravity being off the axis. 

It has been shown in test that conditions exag- 
gerating those shown in Fig. 2 may be produced 


78 by utilizing powders of different burning rates 
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& 5 
on opposite sides of the bursting tube fi to pro- 
duce a difference in the quantity of gas ejected 
on opposite sides of the nozzle. Powders with 
different burning rates have produced deviations 
of 150 mils to the right or left depending upon 
the orientation 
tube. i 

If, as shown diagrammatically in Pig. 3, the 
entrance portion to the throat is unsymmetrical, 
the mass-rate of gas Q2 ejected along the direc- 
tion O—Ga will be greater than the mass-rate 
gas Qı ejected along the direction O—G1. The re- 

' sultant thrust T will be above the center of grav- 
ity (CG) and the rocket will turn badly. 

AS shown diagrammatically in Fig. 4, eddy cur- 
rents produced at the mouth of the nozzle may 
cause a quantity of movement of gas Ga to go off 
at a wide angle relative to the axis of the rocket 
causing the resultant thrust T to be above the 
center of gravity. ` 

It should be apparent from the above that one 
reason unsymmetrical jet action causes so much 
dispersion is due to the jet force or designed 
center of thrust being so far behind the center of 
gravity. Any small angular variation in the 
direction the jet is pointed will cause the result- 
ant thrust to be greatly off the center of gravity. 

While it is proposed in this invention to reduce 
dispersion by a design of rocket having the jet 
positioned near the center of gravity, the inven- 
tion is. not limited specifically to this means, 
since the deviation produced by unsymmetrical 
jet action may be improved by other means for 
bringing the designed center of thrust closer to 
the center of gravity. For example, this may be 
accomplished by using a small nozzle angle or by 
using a straight cylindrical section secured to the 
flared end of the nozzle. However, since it may 
not be practical to reduce the nozzle angle suffi- 
ciently to place the point O at the center of grav- 
ity, it is proposed in the rocket construction of 
this invention to locate the jet at a point on the 
body of the rocket wherein the reactions are prin- 


cipally through the center of gravity regardless - 


of symmetry. 
A design of rocket accomplishing the result is 
shown in Fig. 5. As illustrated, the rocket body 


comprises a housing { defining generally a cylin-- 


drical combustion chamber 20, having a for- 
wardly flared entrance 21 leading to a constricted 
throat portion 22 which is provided with a rear- 
wardly flared exit 23 leading therefrom. A pay 
load head 10 is secured to the forward end of 
. housing i. A casing 24 adapted to contain a 
useful load, such as a high explosive, is provided 
communicating with head {0 and extending en- 
tirely through housing 1, and, as illustrated, in- 
cludes a forward cylindrical portion 25 of uni- 
form diameter smaller than the diameter of 
throat 22 extending within the combustion cham- 
ber 20 and secured thereto by a nose portion 26. 
The intermediate portion of the casing lying 
adjacent exit portion 23 is flared rearwardly to 
form a frusto-conical section 27 of diameters in- 
creasingly larger than the diameter of the cylin- 
drical portion 25 thereby defining an annular dis- 
charge nozzle in cooperation with housing {. The 
rearward portion of the chamber is of uniform. 
diameter over a portion of its length and is 
streamlined rearwardly throughout the region to 
which fins 29 are secured. 

If, as for Fig. 1, we assume that the quantity 
movement of gas Q: is equal to the quantity of 
movement of gas Qz, the resultant thrust T will 
coincide with the axis and therefore pass through 


of the rocket in the launching | 
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6 
the center of gravity CG. In this case as before 
there will be no turning moment on the rocket. 

If, on the other hand as shown diagrammati- 
cally in Fig. 6, the quantity of movement of gas. 
Qı is greater than the quantity of movement of 
gas Qz the resultant thrust T will be displaced 
from coincidence with the axis. However in this 
case, contrary to Fig. 2, there will be no turning 
moment on the rocket because the line of thrust 
passes through the center of gravity. There will, 
therefore, be no deviation except that due to the 
small component of force. As previously ex- 
plained this is small when compared to the dis- 
persion resulting from a turning of the rocket 
about its center of gravity. : 

As is shown in Fig. 7, the directions and quan- 
tities of motion of the gas Qı and Qz are such that 
the resultant thrust T will be off the axis and . 
will miss the center of gravity (CG). However, 
the amount that the line of thrust misses the 
center of gravity will be much less than for the 
rocket of a design shown in Fig. 3. The turning 
moment of this rocket will therefore be greatly | 
reduced and the resultant dispersion will be made 
much smaller. Since the jet is making an ap- 
preciable angle with the axis, the variations in its 
direction will have much less effect in moving . 
the point O away from the center of gravity than . 
is the case with the design shown in Figs. 1 to 
4. This is true even in a design where the nozzle 
angle is so small that the point O will be located 
at the center of gravity with a symmetrical jet. 

Fig. 8 shows diagrammatically the condition 
that exists in the improved design when eddy cur- 
rents produce a component of gas Ga that exits 
from the nozzle at a wide angle. The resultant 
thrust T will be out of line with the axis of the 
rocket and the line of thrust will also miss the 
center of gravity. However, due to the fact that 
the rocket is constructed so as to place the de- 
Signed center of thrust at the center of gravity 
CG the turning component will be ereatly re- 
duced. i 

The particular advantages to be gained in the 
new and improved rocket of this invention may 
better appear by considering Fig. 9. In order to 
attain high altitude a considerable amount of 
propellant 33 is utilized. Thus for good aerody- 
namic design a long rocket body 30 is required. 
The high explosive is contained within forward 
portion 31. If the gases were ejected from a noz- 
zle located in the tail, the moment arm for any 
lateral components would be exceedingly large and 
the dispersion would be excessive. To avoid this 
difficulty it is proposed by this invention to locate 
a nozzle 34 intermediate the ends of the propel- 
lent chamber. Grids 35 are provided at each 
end of the nozzle to retain the propellant. Sta- 
bility is provided by fins 36 secured to the tail of 
a propellent combustion chamber 32. This design 
has a further advantage in that it reduces the 
tunnel length the gas has to travel with a reduc- 
tion in the differential pressure between the front 
and rear ends of each propellent grain. 

In Figs. 10 there is shown more in detail the 
elements of the design shown diagrammatically in 
Fig. 5. The outer jacket 20 forms a combustion 
chamber which has a forwardly flared‘ portion 21 
formed at one end leading to the throat 22 of 
a rearwardly flared exit passage 23. The forward 
end of the combustion chamber contains a, trap 
Plate 41 into which trap wires 42 are each se- 
cured. Axially perforated powder grains 43 are 
strung on each trap wire and retained in place 
about the periphery of the trap plate which has 
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a central opening 44 formed therein adapted to 
receive the forward cylindrical portion 25 of the 
casing 24. 'The end of this cylindrical portion 
25 of the casing 24 is threaded on to a nose 26 
which is in turn threaded to the combustion 
chamber 20. The end of 25 is recessed as shown 
at 41 to contain a suitable fuse 46 for detonating 
the high explosive within the casing 24. A guide 
. 45 comprising a star-shaped disc locates and sup- 
ports the rearward portion of the cylindrical cas- 
ing within the combustion chamber 20. The cas- 
ing 24 includes in addition to the forward cylin- 
drical portion 25 of small diameter, an interme- 
diate frusto-conical portion 21 of diameters in- 
creasingly larger than the diameter of portion 
25 and a rear cylindrical portion 29 of larger 
diameter. An annular nozzle is thus defined þe- 
tween portion 21 of casing 24 and flared passage 
23 of chamber 20. Thus the effective ring throat 
area may be adjusted by controlling the distance 
the casing is inserted in the combustion chamber. 
Fixed fins 49 are provided at the rear streamlined 
portion of the casing. A black powder primer 48 
_is provided to ignite the propellant. 

It may appear desirable to place tilted vanes in 
the nozzle to produce rotation. This rotation 
would tend to even out any remaining variations 
due to the jet thrust being out of line with the 
center of gravity. 

It will be obvious that various changes might be 
made in the construction, combination and ar- 
rangement of parts, which could be used without 
departing from the spirit of this invention, and it 
is to be expressly understood that the foregoing 
is set forth for the purpose of illustration and not 
for the purpose of limitation. 

Iclaim: € 

1. A jet propelled device comprising in combi- 
nation a casing symmetrical to a longitudinal 
axis having a forward cylindrical portion of uni- 
form diameter and a rearward frustro-conical 
portion of diameters increasingly larger than the 
diameter of said cylindrical portion, a cylindri- 
cal combustion chamber having. a forwardly 
flared entrance and a rearwardly flared exit pas- 
sage formed in an open end thereof to provide 

- a constricted throat of a Venturi-like nozzle, 
means supporting a plurality of cylindrical pow- 
der grains symmetrically about the axis of said 
chamber, each of said grains having an axial 
perforation substantially parallel to the axis of 
said chamber, and spaced radially from said axis 
at a distance greater than the radius of the 
cylindrical portion of said casing whereby the 
cylindrical portion of said casing may be inserted 
through the nozzle to within said chamber to 
provide a support for said chamber, means se- 
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curing said chamber to the cylindrical portion of . 
said casing whereby the frustro-conical portion 
of said casing will be within the rearwardly 
flared portion of said exit passage, said securing 
means including means for adjusting the posi- 
tion of said conical portion within said nozzie to 
vary the throat area thereof whereby to compen- 
sate for changes in burning rate caused by tem- 
perature variations of said powder. 

2. The combination defined in claim 1 charac- 
terized further by the fact that said casing con- 
tains a high explosive whereby said chamber will 
be fragmented upon detonation of the high ex- 
plosive contained within the forward cylindrical 
portion thereof. 

3. In a jet propelled missile, a cylindrical 
jacket having a central longitudinal axis, and a 
Venturi nozzle at its rear end, a casing compris- 
ing forward and rear cylindrical sections con- 
nected by a frusto-conical section, said forward 
section being of smaller diameter than said rear 
section, and means rigidly connecting said cas- 
ing and jacket with said forward section in and 
coaxial of said jacket to form a combustion 
chamber between said jacket and forward sec- 
tion, and. with said frusto-conical section within 
said nozzle, said casing being adjustable along 
said axis to vary the effective area of the exit 
passage between said nozzle and frusto-conical 
section. ' 

4. A missile as recited in claim 3, the forward 
end of said jacket being closed by a nose, said 
forward cylindrical section being threaded into 
said nose. e! 

5. A missile as recited in claim 3, a propellant 
mounted in said annular chamber, the center of 
gravity of said missile being on said central axis 
and substantially coincident with the center of 
thrust of the gases emerging from said passage 
as & result of combustion of said propellant. 

CLARENCE N. HICKMAN. 
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